ABSTRACT. A nucleosome assembly protein (AP-I) was purified approximately 50 % from the cytosol of HeLa S3 cells by three purification steps. Using this protein fraction as an antigen, we established three stable hybridomas that secrete monoclonal antibodies specific for AP-I by the conventional method of cell fusion. Immunoblotting of the HeLa S3 cytosol, proved AP-I exists as a 58-kDa peptide in vivo, not as the 53-kDa peptide previously identified as active in nucleosome assembly (Ishimi, Y., et al., Eur. J. Biochem., 142, 431-439, 1984). An immunocytochemical study using the monoclonal antibody with the highest specificity against AP-I pin pointed the intranuclear localization of AP-I in HeLa S3 cells.
I n eukaryotic cells, chromatin consists of a repeating nucleosome unit that contains about 200 base-pairs of DNA, two molecules each of H2A, H2B, H3 and H4, and one molecule of H1 histone (7). Research on nucleosome structure has progressed rapidly in the past ten years (3), but there is a little published information on the dynamic aspect of the nucleosome. In particular, problems about structural changes in the nucleosome at sites for the replication, transcription and repair of DNA, remain to be solved.
Several factors facilitate nucleosome assembly in vitro at physiological ionic strength : Nucleoplasmin (29 kDa), discovered in Xenopus eggs by Laskey et al. (16), facilitates nucleosome assembly by interacting with histones. Topoisomerase I (8), HMG1 (2) and RNA (18) also are reported to be nucleosome assembly factors. Recently, Kleinschmidt et al. (13) demonstrated the co-existence of two types of soluble histone complexes in nuclei of Xenopus oocytes. One type has H3 and/or H4 histone tightly bound to one polypeptide of a pair of very acidic polypeptides, designated N1 and N2; the other consists of four core histones and nucleoplasmin. These complexes are believed to function in the storage of histones utilized in chromatin assembly during early amphibian embryogenesis.
We previously reported that an activity which facilitates the assembly of the nucleosome exists in mouse FM3A cells and human HeLa S3 cells (12) . By purifying the substance responsible for this activity, we identified a novel 53-kDa peptide as active compound. Our data suggest that this 53-kDa peptide facilitates nucleosome Abbreviations used: SDS, sodium dodecyl sulfate; PMSF, phenylmethylsulfonyl fluoride; HAmT, hypoxanthine-amethopterin-thymidine;
HT, hypoxanthine-thymidine; AdAmT, adenineamethopterin-thymidine; AdT, adenine-thymidine; PBS, phosphate-buffered saline.
assembly by mediating the formation of the hi stone octamer and its transfer to DNA (11). We here report a method for rapid purification of this nucleosome assembly protein which we have named "AP-1" and show its character in vivo as determined from the activities of its monoclonal antibodies. immunoblotting (data not shown). To determine the specific location of AP-I in the HeLa S3 cell, the cells were stained with monoclonal antibody. After being fixed and made permeable, the HeLa S3 cells were treated with purified IgG from the clone A3 hybridoma which had the highest specificity for AP-I. Binding of the monoclonal antibody was detected with peroxidase-conjugated anti-mouse IgG. The A3 monoclonal antibody specifically reacted with the nuclei of HeLa S3 cells unlike the staining pattern for the control serum (Fig. 3, (a) and (b) ). The immunostaining with anti-AP-I antibody was similar to that with anti-histone antibody (Fig. 3(c) ).
DISCUSSION
We have established a simple method for the preparation of a nucleosome assembly protein (AP-I) from HeLa S3 cells. The final sample of our histone-Sepharose fraction contained AP-I (53-kDa + 58-kDa peptide) that was approximately 50% pure on SDS/polyacrylamide gel electrophoresis. For purification of AP-I histoneSepharose column chromatography as early step of purification proved useful. We previously had purified 53-kDa peptide from mouse FM3A cells to near homogeneity using seven purification steps and showed the peptide to have nucleosome assembly activity (11). The monoclonal antibody obtained bound with human and mouse 53-kDa peptides. 
